SUMMARY: Four deep sea fish and invertebrate assemblages from the northern Spanish slope were identified and related to geographic and bathymetric factors. The Peñas Cape comprises a boundary area splitting the more productive, wider and sandy western shelf from the less productive, narrow and muddy eastern part. The four faunal assemblages described were a shelf-slope transition assemblage (SST, 400-500 m); two upper slope assemblages (500-650 m), one corresponding to the western area of Cape Peñas and one to the eastern area; and a middle slope assemblage (650-750 m). The SST was dominated by plankton-feeding fish and was hence less diverse than the other strata. This dominance was more evident west of the Peñas Cape, where upwelling was stronger. Regarding invertebrates, plankton-feeding fish and benthos-feeding invertebrates dominated the SST, whereas zooplankton-feeding and deposit-feeding invertebrates dominated the middle slope. The western assemblages were richer in species as a consequence of a more complex food web, especially of guilds related to water column production: plankton-feeding fish and filter-and zooplankton-feeding invertebrates.
INTRODUCTION
The deep-sea ecosystem has been traditionally described as an environment with a high environmental stability (Sanders, 1968; Stuart et al., 2003) . This description has been modified by recent studies that have shown that species diversity and composition vary locally, regionally and even globally, suggesting changes at all spatial scales in environmental factors determining community structure (Grassle and Maciolek, 1992; Rex et al., 1993; Stuart et al., 2003) . Food input represents the main way in which environmental changes affect deep sea communities (Gage, 2003) . It is widely described that deep sea environments are heterotrophic, oligotrophic and allochthonous systems (Dayton and Hessler, 1972; Gage, 2003; Carney, 2005) , since the low rate of food supply comes from the flux of organic-material to deep ocean basins from the euphotic zone (surface primary production). The deep sea is subject to considerable temporal and spatial fluctuations in the pulses of organic matter derived from vertical and/or advective fluxes (e.g. nepheloid layers, submarine canyons).
The northern Spanish shelf is a good area to test how differences in environmental drivers may be reflected in the composition of deep sea fauna, since strong geographical differences in nutrient flux dynamics are found (see Study Area section). For instance, the strength of seasonal upwelling (Gil, 2008) , estuarine outwelling (López-Jamar et al., 1992) and canyon funnelling (Sorbe, 1999) is particularly different between western (Atlantic) and eastern areas (Cantabrian Sea). Moreover, several studies have highlighted regional differences regarding other factors such as width and steepness of the shelf, and type of sediment (Rey and Medialdea, 1989; Serrano et al., 2006 Serrano et al., , 2008 .
Deep waters of the northern Spanish continental shelf are under considerable fishing pressure, since Spanish fishermen have started to trawl deeper, increasing the effort of longline gears targeting deep species such as Phycis blennoides (Piñeiro et al., 2001) . These fishing activities affect vulnerable species such as deep-water sharks and Bericiformes fish and also habitats inhabited by vulnerable invertebrates such as cnidarians and sponges (Sánchez et al., 2008) . The management of deep-water fisheries off the northern coast of Spain requires a fundamental knowledge of the habitats that are being exploited by Spanish fishermen. However, studies on deep-sea ecosystem functioning in the area are scarce and geographically fragmented, and mainly focus on specific zones (Cartes et al., 2007; Sánchez et al., 2008; Preciado et al., 2009) .
The aim of this study was to characterize the deep sea faunal assemblages of the northern Iberian slope and to determine how certain environmental factors affect their spatial distribution patterns. To answer these questions we tried to ascertain whether geographical differences in abiotic factors were reflected in different deep sea fauna distribution and composition.
MATERIALS AND METHODS

Study area
The study area includes the northern Spanish slope (400-750 m depth), between the verticals of the Rivers Miño and Bidasoa (Fig. 1) . Geographically, the area is divided into two subareas: the Galician Atlantic slope from the River Miño to Cape Estaca de Bares, and the Cantabrian Sea slope between this cape and the River Bidasoa, at the beginning of the French shelf.
In addition to this geographical division marked by Cape Estaca de Bares, Cape Peñas has been described as an important environmental boundary in the area, from both the geological and the oceanographic point of view. The production in the area is greatly influenced by a seasonal coastal upwelling (spring and summer) and hydrographical mesoscale activity along the northwestern shelf-break (Gil, 2008) . Lavín et al. (2005) report that upwelling events are more common and intense to the west of Cape Peñas, and that this is a mechanism of spatial variability between the western and eastern parts of the Cantabrian Sea. This is a consequence of the geographical location of the western area, which is closer than the eastern one to the anticyclone edge of the Azores High, and hence more influenced by eastern winds (Gil, 2008) . Because of this, coastal summer upwelling strength-and hence chlorophyll values-decrease eastwards (Gil, 2008) , and following the trophic webs these differences are also reflected in the abundance of zooplankton (Lavín et al, 2005) . In spring (as a consequence of mountain snow melting), the southeasternmost corner of the Bay of Biscay is the area of greatest discharge of continental fresh water, mainly through French rivers. During this season, a boundary between the warm salty western water and the cold fresh eastern water is located around Cape Peñas (Gil, 2008) .
There were also topographical differences between these two areas. One key factor is the different geomorphology of the two shelves (Rey and Medialdea, 1989) . East of Cape Peñas, the Cantabrian sea shelf is very narrow (10-35 km), with an abrupt shelf break where the environmental gradients are very short, whereas west of Cape Peñas the shelf is wider (25-75 km), with a gradual transition between shelf and slope.
On the Galician shelf, the outwelling of large estuaries called rias is a very important process (López-Jamar et al., 1992) , whereas rivers are not important on the Cantabrian shelf, where the role of great submarine canyons is more determinant (Sorbe, 1999) . The sediment distribution in the two areas also differs: the Galician upper slope is composed mainly of sand (Serrano et al., 2008) , while the Cantabrian upper slope consists mainly of mud (Serrano et al., 2006) . The organic inputs of the French rivers thus lead to the presence of organic-enriched mud in the easternmost part of the Cantabrian Sea.
Data source
Bottom trawl surveys have been conducted every autumn (September-October) since 1983 by the Instituto Español de Oceanografía (IEO) to evaluate the status of demersal and megaepibenthic ecosystems on the northern Spanish shelf. The sampling unit consisted of 30-minute hauls at a speed of 3.0 knots, using a Baca 44/60 otter trawl gear (Sánchez and Serrano, 2003) . The mesh size was 60 mm for the net and 10 mm for the cod end, which caught both demersal and megaepibenthic fauna. The mean horizontal opening was 18.9 m and the vertical opening was 2.0 m. The otter trawl was monitored using a Scanmar net control system.
The time series used in the present study started in 1992, when all species-not only commercial oneswere systematically identified and quantified. Recording of oceanographic data using a Seabird CTD (bottom temperature and salinity) also started in 1992. In the present study, only hauls deeper than 400 m were considered as deep sea samples. The number of deepwater hauls increased yearly until 1992, when it was fixed at around 15 hauls per year. Figure 1 shows that the slopes between Cape Finisterre and Cape Estaca, and between Cape Peñas and Cape Ajo were the regions with the highest number of hauls, whereas the regions between the River Miño and Cape Finisterre, between Cape Estaca and Cape Peñas, and between Cape Ajo cape and the River Bidasoa were sampled less intensely, mainly due to the rougher seabed.
Spatial distribution patterns of faunal assemblages
For all multivariate analyses, the demersal and benthic fish and invertebrate species density matrix was reduced, considering only those species with a density greater than 0.04% and an occurrence greater than 5%, in order to reduce the variability in the matrix due to the high presence of zeros. This reduced matrix was log-transformed.
To detect spatial patterns, a cluster analysis was applied to the species abundance matrix using the Bray-Curtis similarity index. The distance matrix was processed using the UPGMA algorithm. The nomenclature adopted for the assemblage groups was based on classifications adopted in several deep sea studies (Gordon, 1986; Haedrich and Merrett, 1988; Cartes et al., 1994) , with slight modifications due to regional characteristic on shelf-slope topography (Rey and Medialdea, 1989; Sánchez and Serrano, 2003) .
The effects of environmental variables on the assemblages were assessed using Redundancy Analysis (RDA) (Jongman et al., 1987) . The abiotic variables used in the analysis were depth, near-bottom temperature, near-bottom salinity, geographical location (longitude) and sediment characteristics, including mean particle diameter (Q 50 ), sorting coefficient (S 0 ), weight percentage of gravel and coarse sands (>500 μm), of medium, fine and very fine sands (63-500 μm), and silt (<63 μm), and weight percentage of organic matter. Year (survey) was included in the analysis as a covariable, to avoid inter-year (climatic) variability. Sediment was collected using a sediment collector attached to the groundrope. Particle size analysis of sediments was performed by a combination of dry sieving and sedimentation techniques (Buchanan, 1984) . Organic matter in the sediment was estimated as weight loss of dried (100ºC, 24 h) samples after combustion (500ºC, 24 h). Temperature and salinity in the water column were also measured during each haul using a CTD Seabird SBE-911 (only near-bottom T and S were used).
The representativeness of the ordination analysis is given in terms of eigenvalues of the axes and variance explained by the biplots. The statistical significance was calculated with the Monte Carlo test (Verdonschot and Ter Braak, 1994) using 999 permutations under the reduced model. The significance of each environmental factor was tested by running the analysis with it as the variable and the other factors as covariables, and again calculated with the Monte Carlo test. Significance of groups obtained in the cluster analysis was also tested using the RDA model. Details of the model and procedure are described in Table 4. RDA results are presented graphically in a bidimensional ordination diagram generated by biplot scaling focussed on inter-species distances, in which species are represented by points and environmental variables by vectors. The arrows of the explanatory variables indicate the direction of maximum change of these variables across the diagram. The projection of species categories onto an arrow gives an approximation of their weighted averages with respect to the variable.
The typifying species were selected using SIMPER analysis (which identifies the species contributing most to intra-group similarities and inter-group dissimilarities) using the same procedure as in cluster analysis, and analysing the RDA species biplot.
Differences in assemblage structure
The structure of assemblages obtained from the cluster analysis was compared. Significant differences in the mean values of the community indices (species richness, Shannon diversity, density, biomass) and trophic guilds between cluster groups were tested using a one-way ANOVA (F), under normality and homoscedasticity conditions, or the non-parametric alternatives (Kruskal-Wallis one-way ANOVA on ranks [H]) when these conditions were not met. When significant differences were detected, pairwise a posterior tests (Student-Newman-Keuls for ANOVA and Dunn's test for Kruskal-Wallis) were run to identify the groups responsible for the differences.
RESULTS
Faunal assemblages
Both fish and invertebrates were well-represented in the samples throughout the period 1992-2006, 43.9% of the total biomass corresponding to fish and Table 2 ). The most abundant fish species in the whole area were blue whiting (Micromesistius poutassou) (25.5%), silvery pout (Gadiculus argenteus) (22.9%), Xenodermichthys copei (6.3%), blackmouth catshark (Galeus melastomus) (5.7%), Etmopterus spinax (5.1%) and Chimaera monstrosa (4.7%). The dominant invertebrate species were Munida sarsi (58.4% of total numbers), the shrimps Pasiphaea sivado (14.9%), Dichelopandalus bonnieri (2.4%) and Pasiphaea multidentata (1.7%), and the urchin Brissopsis lyrifera (2.1%). The cluster analysis indicated that assemblages were conditioned mainly by depth and geographical position, with the 500 and 650 m isobaths and the vertical of the Cape Peñas boundaries determining faunal distribution patterns. Those factors together accounted for the division into four main faunal assemblages (Fig. 2) : a shelfslope transition assemblage (SST) grouping the shallowest hauls (400-500 m depth) without geographical differentiation; two upper slope assemblages (500-650 m), one corresponding to the western of Cape Peñas area (USW) and one to the eastern area (USE); and a middle slope group clustering the deepest hauls (MS, 650-750 m, all hauls located west of Cape Peñas, except one). The first dichotomy separated a group clustering the SST and USW assemblages from a group clustering the USE and MS groups. Therefore, the upper slope west of Cape Peñas is more similar to the shallower areas than to the upper slope east of the cape, this latter assemblage being more similar to the middle slope assemblage. Hence, Cape Peñas is a barrier to species distribution, though only for upper slope species, not for shallower ones (MS hauls were mostly west of Cape Peñas).
Environmental variables explaining species distribution
RDA results for species densities are listed in Table  4 . The full model, which included all the variables and the factor "year" as covariable, was highly significant (P=0.001). The RDA applied separately for each environmental factor as variable and the others as covariable showed that all of them were significant except Temperature, Salinity and Year. Depth was the main factor affecting the species composition, accounting for 18.1% of the explained variance (EV). Below Depth, the factor Longitude is the second key variable (9.5% EV) followed by sedimentary characteristics: the presence of medium and fine sands (MFS) and silts, and the organic matter content (%OM). These analyses did not detect significant variations in the species composition between the different surveys.
Using the RDA model on each cluster group as variable and all the environmental factors as covariables, all groups were significant (Table 4) . RDA biplot (Fig.   Fig. 3. -RDA biplots. a) Environmental variables versus hauls. Symbols represent cluster groups of hauls: SST, shelf-slope transition; USW, western upper slope; USE, eastern upper slope; MS, middle slope. Q 50 , median particle diameter; S 0 , sorting coefficient; GCS, weight percentage of gravel and coarse sands (>500 μm); MFS= weight percentage of medium, fine and very fine sands (63-500 μm); Silt, percentage weight of silt (<63 μm); %OM, weight percentage of organic matter. b) Species. Areas represent groups of hauls. Species codes figure in Tables 2 and 3 . 3a) shows the relationships between depth and sediment characteristics. The SST group is associated with sediments consisting mainly of sand (medium and fine sand), but with finer particles in the eastern part, covered by sand in the western part and covered by silt in the eastern part. This geographical/sedimentary pattern was clearer on the upper slope, where the two cluster groups were evident. The USW hauls located west of Cape Peñas were characterized by medium and fine sands, while in the USE hauls silt predominated and there was a higher organic content. Finally, deeper hauls grouped in the cluster group MS (650-700 m) were characterized by gravel and coarse sands (Fig. 3a) .
Characterizing species
Faunal differences between assemblages and autoecological information of the species inhabiting the different environments were obtained by combining the results from the Simper and the RDA analyses (Table 3, Fig. 3b) , and the density data (Tables 1, 2 ). Blue whiting, the most abundant species in the study area, is one of the typifying species in all assemblages except the MS (Table 3) , showing a decrease in density with depth and greater abundance in the SST and west of Cape Peñas than to the east (Table 1) . For this reason, this species is located in the negative segment of RDA axis 1, related to the SST group and on the positive side of axis 2, related to the western area (Fig. 3b) . Ubiquitous species such as the blackmouth catshark Galeus melastomus and the glass shrimp Pasiphaea sivado are located near the RDA centroid (Fig. 3) .
The shallower assemblage (SST) was typified by the silvery pout (G. argenteus), the shrimp Dichelopandalus bonnieri, the squat lobster (Munida sarsi) and the four-spotted megrim (Lepidorhombus boscii) ( Table 3 , Fig. 3b ). The abundance of M. sarsi in the SST was almost 1000 ind./ha, compared to the ca. 10 ind./ha found on the USW (Tables 2, 3 ). In addition to these typifying species, inside the SST group there was a group of species related to shallower depths, most of them having a wide distribution on the shelf, such as the eel Conger conger, the crabs Macropipus tuberculatus and Liocarcinus depurator, the stout bobtail (Rossia macrosoma) the starfish Astropecten irregularis, or the sea pen Funiculina quadrangularis (Tables 1, 2) .
Upper slope assemblages were both typified by ubiquitous species such as P. sivado and G. melastomus (Table 3) . Below these species, the USW was typified mainly by fish: Kaup's arrowtooth eel (Synapobranchus kaupi), the blackbelly rosefish (Helicolenus dactylopterus) and the grenadier Nezumia aequalis (Table 3 , Fig. 3b ). Table 3 and Fig. 3b show that the hermit crab (Pagurus alatus) and the shrimp Solenocera membranacea were invertebrate species related to the USW. Hauls located east of Cape Peñas (USE) were typified by the crab Geryon trispinosus, the bluntsnout smooth-head (Xenodermichthys copei), the hatchet fish (Argyropelecus hemygimnus) and the sea urchin Echinus acutus.
Finally, the assemblage grouping middle slope hauls (MS) was typified by Chimaera monstrosa, the codling Lepidion eques, the grenadiers Trachyrhynchus scabrus and N. aequalis, the Atlantic thornyhead (Trachyscorpia cristulata), the Mediterranean slimehead (Hoplostethus mediterraneus), the sea cucumbers Stichopus tremulus and Laetmogone violacea, the worm Laetmonice filicornis, the red shrimps Aristeus antennatus and Plesionika martia, and the oplophorid shrimps Systellaspis debilis and Acanthephyra pelagica (Tables 1, 2; Fig. 3b) , together with the ubiquitous G. melastomus. Table 5 . -Significance tests between cluster groups for a) commu-5. -Significance tests between cluster groups for a) commu-. -Significance tests between cluster groups for a) community indices (S: species richness; H: Shannon diversity, N: density; W: biomass, of fish and invertebrates), b) trophic guilds of fish, and c) trophic guilds of invertebrates. 1, SST; 2, USW; 3, USE; 4, MS. Table 4 . -Results of the RDA for the species density matrix. The explained variance (EV), the F-statistic and its significance (P-value) for both the full model, which contains all the variables included in the model, and each individual variable after extracting the effect of the covariables is also indicated. Note that the sum of the EV for all variables is greater than 100% due to the shared variance. 
Effect
Differences in assemblage structure
The significance test (Table 5) shows differences between assemblages for all indices, except for H' of invertebrates. The MS and the USW showed higher fish species richness than the SST and the USE (Fig.  4a) . For both fish and invertebrates, the USE was significantly poorer than the other assemblages. In Shannon diversity, no clear patterns were found, the only significant difference being the greater diver- sity of fish on the USW than in the SST (Fig. 4b , Table 5 ).
The lowest fish densities were found on the USE (Fig. 4c, Table 5 ). Considering invertebrate species, the assemblage with the highest density was clearly the SST, with more than 250 ind./ha (mainly due to the high densities of the squat lobster M. sarsi). The most outstanding result regarding biomass was the highest fish biomass found on the MS (Fig. 4d) . Invertebrate biomass was higher in the SST (again for the squat lobster).
Differences in trophic structure among assemblages
There was a clear difference in trophic structure among the assemblages (Fig. 5) . The percentage of piscivorous fishes was lower in the SST and on the MS than in the upper slope groups (Fig 5a) , although these differences were not significant in terms of biomass (Table 5b ). The percentage of plankton-feeding fish decreased with depth: they were found in high abundance in the SST, medium abundance on the upper slope, and relatively low abundance on the MS. Biomass of plankton-feeding fish in the SST was significantly higher than that in the other deeper assemblages. Benthic-feeding fish showed the opposite pattern, with the lowest values in the shallower SST and the highest values on the MS. This trophic guild showed significantly higher biomass on the MS (Fig. 5b, Table 5b ).
Invertebrates also showed differences in trophic structure among assemblages (Figs. 6 and 7) . Benthosfeeding invertebrates were more abundant in the SST, the lowest values being found on the MS. Deposit feeders were clearly more abundant on the MS, where higher densities of holothurids such as Stichopus tremulus and Laetmogone violacea were found (Table 2) . A higher dominance of filter-feeders was found on the USW, and of zooplankton-feeders on the MS (mainly oplophorid shrimps). In terms of percentages (Fig. 7) , benthos-feeders were clearly dominant in the SST and on the USE. This trophic guild was also dominant on the USW, although a higher percentage of filter-feeders was also present. In contrast, the MS was clearly dominated by deposit-and zooplankton-feeders.
DISCUSSION
The present study describes the existence of faunal discontinuities in relation to geographical and depth boundaries. A geographic faunal boundary was found for slope communities at Cape Peñas, between the Bay of Biscay and the Atlantic Ocean, but only for the upper slope, not for the shelf-slope transition area. For instance, the western Cape Peñas upper slope assemblage shows more similarities with the shallower shelf-slope transition assemblage than the assemblage dwelling at the same depths in the eastern part. This is a very interesting result since it is not very common to find "barriers" in deeper, more stable, communities (e.g. Cartes et al, 2002; Carney, 2005) , and these boundaries have been mainly related to depth rather than geographical gradients .
In the present study, we also found faunal boundaries at two isobaths, 500 and 650 m, showing a discontinuity in the distribution of invertebrates and fish. Carney (2005) reported slope fauna to be distributed in depth bands, mainly in response to range restriction due to pressure and food availability. In a comparative study among several areas, Carney identified the 500 m depth as a zone of high species turnover that was common in all the upper slopes analysed (Carney, 2005) . The depths of 500 and 650 m were also cited as faunal boundaries for decapod crustaceans by Cartes et al. (2007) on the Le Danois Bank (central Cantabrian Sea), and for all invertebrates in the western Mediterranean Sea .
Environmental differences between the western and eastern areas of Cape Peñas consist mainly in a higher frequency and intensity of upwelling events to the west of the cape, reflected in all production processes (Lavín et al., 2005; Gil, 2008) . In addition, topography differs greatly between these two areas, since east of Cape Peñas the Cantabrian sea shelf is very narrow and has an abrupt shelf break, whereas west of Cape Peñas the shelf is wider (25-75 km) and has a gradual transition between shelf and slope (Rey and Medialdea, 1989) . Our results confirm that these environmental differences lead to significant faunal differences. The narrowness of the eastern shelf, with an abrupt shelf break and a steeper slope, where the depth and depth-related gradients (T, S, nutrients, etc.) are sharper, produces a higher overlap in the bathymetric distribution of species east of Cape Peñas. This may be the explanation for the greater similarities between the USE and MS assemblages in comparison with the SST and USW assemblages, which has less sharp gradients.
Nevertheless, longitudinal gradients in production seem to be more important than topographic differences. The enhancement of primary production processes above the shelf (Gil, 2008) causes the predominance of planktophagous fishes such as blue whiting in the shallowest assemblage (shelf-slope transition). This preponderance is more evident west of Cape Peñas, where upwelling is stronger and the pelagic environment is richer in nutrients (Gil, 2008) . A similar trend was described by Cartes et al. (2002) , with an increase in planktophagous fishes in the Alboran Sea in comparison with northern areas of the Mediterranean, related to geographical differences in primary production. All these facts are reflected in inter-assemblage differences in ecological indices: western areas are richer in species as a consequence of more complex food webs and in western assemblages the abundance of trophic guilds related to water column production is higher (plankton-feeding fishes and filter-and zooplanktonfeeding invertebrates). The shelf-slope transition assemblage has a higher biomass but is less diverse than the deeper assemblages, as a consequence of the dominance of plankton-feeders (Sánchez and Serrano, 2003) . Cartes et al. (1994) described the same pattern of peaks of biomass and low diversity in the shelf-slope transition zone in the Mediterranean, whereas in the same area Abelló et al. (1988) found a higher diversity of decapod crustaceans on the middle slope. The lowest diversity in the shallowest assemblage and the highest in the deepest one are also in agreement with the increase in diversity with depth described in several papers (Hessler and Sander, 1967; Sanders, 1968; Stuart et al., 2003) .
We observed an increase in invertebrate depositfeeders below 650 m on the middle slope, the predominant species being the holothurids Stichopus tremulus and Laetmogone violacea, and the omnivorous urchin Phormosoma placenta. This dominance of depositfeeding echinoderms in deeper areas of the slope has already been described (e.g. Sibuet, 1977; Thurston et al., 1994; Iken et al., 2001; Cartes et al., 2009) . Zooplankton-feeders, and among them mainly Aristeus antennatus and oplophorid shrimps, are also predominant under 700 m (Cartes et al., 2002 (Cartes et al., , 2007 . Cartes et al. (2002) suggest a higher dependence on pelagic trophic resources by invertebrate bathyal communities. These trophic guild patterns are generally consistent with the published data on distribution of zooplankton and macrobenthos as available preys (Sabatés et al., 1989; Cartes et al., 2002 Cartes et al., , 2007 Sánchez et al., 2008 ).
An opposite pattern was found between fish and invertebrate trophic guilds in our study, since plankton-feeding fish were dominant in the SST whereas zooplankton-feeding invertebrates were dominant on the middle slope, nevertheless benthos feeding fish dominate in MS and benthos-feeding invertebrates in SST. Cartes et al. (1994) reported mesopelagic crustaceans to be predominant on the slope whereas benthopelagic fishes were predominant on the shelf. Prey availability on the middle slope is probably insufficient to sustain the huge biomass of planktonfeeding fishes such as blue whiting (Preciado et al., 2008) , and fish feeding mainly on benthos (Preciado et al., 2009) .
Most of the typifying species in the area have been already cited as key species in deep sea studies in other areas (Gordon, 1986; Haedrich and Merrett, 1988; Cartes et al., 2002; Mytilineou et al., 2005; Madurell et al., 2004) . Blue whiting is one of the most abundant fish in midwater ecosystems in the northeastern Atlantic, living mostly at depths between 100 and 600 m, although its range may extend from surface waters to beyond 1000 m depth (Heino and Godø, 2002; Hátún et al., 2007) . This eurybathic species is dominant in the habitats studied and has been described as one of the keystone species for the Cantabrian Sea food web (Libralato et al., 2005; Preciado et al., 2008 Preciado et al., , 2009 . Moranta et al. (2007) stated that the maximum abundances of N. aequalis and T. scabrus occur below 600 m in the Mediterranean Sea. This fact could explain the affinity of these two grenadiers for deeper assemblages.
The typifying invertebrate species were the glass shrimps Pasiphaea sivado, Munida sarsi and Dichelopandalus bonnieri in the shallower SST. This is in agreement with previous works (Abelló et al., 1988; Cartes et al., 1994) . Munida sarsi is one of the characteristic species of the SST (Fariña et al., 1997) , being replaced by Munida tenuimana on deeper grounds (Cartes et al., 2007) . The bathymetric affinities of other crustaceans such as D. bonnieri, Geryon trispinosus and the oplophorid shrimps Acantephyra pelagica and Systellaspis debilis agree with the description of Le Danois Bank by Cartes et al. (2007) , and the same occurs with the echinoderms mentioned in the present work (Sánchez et al., 2008; Cartes et al., 2009) .
The general conclusion that can be drawn is that the presumed stability of deep-sea fauna is only apparent (Sanders, 1968; Stuart et al., 2003; Cartes et al., 1994) , and that pronounced geographical changes in megafaunal assemblages interact with bathymetrical bands. Geographical differences in production processes, together with depth, seem to be the key factors explaining fish and invertebrate fauna distribution on the northern Iberian slope.
